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1Increasing the Peak-Field Generation
Efficiency of a Reverberation Chamber
Andrea Cozza
The use of time-reversal techniques has been shown to allow focusing energy in a spot
about half a wavelength wide. The fact of being able to concentrate energy into a reduced
volume of space implies higher power densities and, ultimately, higher field levels. The use
of this feature for improving the ability of a reverberation chamber in converting energy into
high-intensity fields is investigated here. Experimental results are compared to those predicted
by a simple asymptotic model, revealing the role played by losses and frequency bandwidth
and how the performance of time-reversal techniques depends on these parameters.
INTRODUCTION
Among the several advantages presented by reverberation chambers (RCs), a special place
is certainly held by their ability to produce high-intensity electromagnetic fields from rela-
tively low-power sources. The standard harmonic excitation of an RC leads to a statistically
uniform spreading of the electromagnetic energy over the entire volume of the cavity, essen-
tially because of the fact that the cavity resonances are excited in an incoherent way. This
implies that of all the energy stored in an RC driven by a continuous wave (CW) harmonic
signal, only a fraction can be used for the “aggression” of the equipment under test (EUT).
But while carrying out Electromagnetic Compatibility tests, as well as other types of radiated
tests in RC, it would be typically more useful to be able of concentrating energy only over
the EUT. This scenario can be modified thanks to recent advances brought by time-reversal
techniques [1]: as a matter of fact, this approach allows to concentrate a bigger share of energy
around and towards the EUT, thus increasing the efficiency of the RC as a high-intensity
field generator for equipment testing.
In this letter, we prove that higher field-generation efficiencies are indeed made possible by
using non-harmonic, time-reversal-based signals; we focus on how the physical parameters
October 12, 2009 DRAFT
2of the RC (quality factor Q, signal bandwidth, etc. ) affect the performance of time-reversal
driven RCs. To this end, we propose a simple asymptotic model capable of predicting the
average improvement brought by time-reversal techniques over the standard use of RCs. Its
validity is checked against experimental results obtained in an actual RC.
PEAK-FIELD GENERATION EFFICIENCY
For the purpose of our analysis the reverberation chamber will be represented as a black-
box linear system. To this end, the vector electric field E(f) generated at a certain position,
will be described as
E(f) = X(f)Φ(f) = X(f)
(
φ1 φ2 φ3
)T
(1)
where X(f) is the power-wave applied at the input port of the antenna exciting the chamber
and φp(f) is the transfer function related to the p-th Cartesian component of the E field. Two
cases will be considered for the excitation of the system: 1) XCW(f), a harmonic steady-state
signal of frequency fc, with peak amplitude A, and 2) XTR(f) = P (f)φ⋆p(f), with P (f) the
spectrum of a pulse signal p(t), covering a bandwidth BT around the central frequency fc.
This latter case, i.e., of a time-reversal-driven excitation, leads to the generation of a pulse
approximating p(t) [2], dominated by the field component along the p-th dimension [3].
Defining p(t) as to attain its peak value at t = 0, the peak field generated by applying
XTR(f) is, in time-domain,
max
t
‖eTR(t)‖ = ‖eTR(0)‖ = 2
∫
BT
P (f)|Hp(f)|
2df (2)
having carried out the integral over the positive-frequency region of the spectrum. Conversely,
XCW(f) yields a non-polarized field, whose peak value is given by
max
t
‖eCW(t)‖ = A‖Φ(fc)‖ . (3)
Before being compared, the peak fields obtained through these two approaches need to be
normalized to the energy E that is necessary to apply for their generation, thus leading to
the definition of the peak-field generation efficiency
η =
max
t
‖e(t)‖2
E
. (4)
In the case of a harmonic excitation, 95 % of the steady-state amplitude is attained after a
period equal to 3τ , with τ = Q/(pifc) the average time-constant of the RC, Q being the
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3average quality factor of the RC at fc. Hence, an average applied energy
ECW =
3
2
A2Q
pifc
(5)
which leads to
ηCW =
2
3
pifc
Q
‖Φ(fc)‖
2 . (6)
Assuming an ideal reverberating chamber [4], the average quadratic field amplitude would be
evenly distributed along the three field components, so that introducing the quadratic average
φ2
av
(fc)
E
[
|φp(fc)|
2
]
= φ2av(fc) ∀p ∈ [1, 3] , (7)
yields
E [ηCW] =
2pifc
Q
φ2av(fc) . (8)
Conversely, time-reversal deals with a finite-energy excitation
ETR = 2
∫
BT
|XTR(f)|
2df = 2
∫
BT
|P (f)|2|φp(f)|
2df , (9)
so that its efficiency is given by
ηTR = 2
(∫
BT
P (f)|φp(f)|
2df
)2
∫
BT
|P (f)|2|φp(f)|
2df
. (10)
Definitions (6) and (10) allow assessing how these two ways of using RCs manage to convert
the same amount of energy into a peak field, just by knowing the transfer function between the
excitation antenna and the E field component at a point of interest. It is therefore sensible to
define the gain in the average peak-field efficiency G = E [ηCW] /E [ηTR]. Applying Cauchy-
Schwarz inequality to (10) yields the following bound
E [ηTR] ≤ 2E
[∫
BT
|φp(f)|
2df
]
= 2
∫
BT
φ2
av
(f)df . (11)
This results in an equality for a constant P (f). The term under the integral sign is the same
as in (7) and assuming it to be constant over the entire bandwidth of the pulse p(t), we obtain
G ≤
BTQ
pifc
. (12)
This result is of paramount importance, since it allows assessing in a very simple way how
time-reversal techniques would improve the performance of RC. Furthermore, it is a tool for
designing the use of such techniques, as soon as the Q of the RC is known. In the following
experimental validation we will consider a constant P (f), in order to meet the upper bound.
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4EXPERIMENTAL RESULTS
The performance predicted by (12) was tested against experimental results measured in
Supélec’s RC (3.08 × 1.84 × 2.44 m3), using a log-periodic dipole antenna positioned near
one corner of the chamber, with the dipoles of the antenna aligned along the vertical direction
(z axis), while the direction of maximum gain was aimed at a corner. The electric field was
sampled by means of an optical E-field probe, manufactured by Enprobe, model EFS-105.
This probe is linearly polarized, so that three transfer functions were measured for the three
Cartesian field components; to this effect, a styrofoam support was used. A grandtotal of 40
positions were considered, uniformly distributed over the lower half of the RC, measuring the
three Cartesian transfer functions by means of a network analyzer over three sub-bandwidths
of BT = 100 MHz, centered around central frequencies fc equal to 1, 1.5 and 2 GHz.
Equations (6) and (10) were applied to each transfer function, obtaining the peak-field
generation efficiencies; these results are presented in Fig. 1, where for each fc, the average
ηCW was set as reference, with all the results presented normalized to this value.
This procedure was then repeated with a reduced BT , namely for 50 MHz and 25 MHz
bandwidths, and the gain G was computed. The results summarized in Table I prove that (12),
despite its simplicity, allows assessing quite accurately the improvement in peak-field gen-
eration efficiency when adopting time-reversal techniques. The agreement is stronger at
higher frequencies, where the field statistics in the RC are closer to an ideal reverberating
medium [4]. Table I also demonstrates another interesting feature: time-reversal-driven RCs
generate peak fields that are affected by a statistical dispersion by far lower than for a
harmonic excitation. This feature is related to the self-averaging properties of time-reversal
techniques, as already pointed out in [5] and [6].
CONCLUSIONS
We have proven that time-reversal techniques are an interesting alternative to the standard
harmonic excitation of RCs, by showing that higher peak-field values can be generated from
the same amount of energy. This feature was demonstrated experimentally and predicted by
means of a simple asymptotic model. More reliable performances were also observed, with
a strong reduction of the statistical dispersion of the peak-field amplitude.
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6FIGURE CAPTIONS
Fig. 1 : Frequencies of occurrence distributions of ηCW (left column) and ηTR (right
column), as obtained from transfer functions measured over a bandwidth BT = 100 MHz,
at a central frequency fc = {1.0, 1.5, 2.0} GHz (top to bottom, respectively). All the results
have been normalized to the average values of ηCW.
Table 1 : Comparison of the efficiency gain G assessed from experimental data and
predicted by (12). Only the results for the field generated along the x-axis are shown for
time-reversal excitation. The ratio of the normalized statistical dispersions is shown in the
fifth column.
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8f BT
G
BTQ
pifc
(σ/µ)CW
(σ/µ)TR
Q
(GHz) (MHz)
1.0
25 60 45 7.7
570050 116 91 9.3
100 218 182 11.9
1.5
25 39 34 6.3
630050 80 68 7.0
100 161 135 7.7
2.0
25 24 25 6.5
630050 47 50 7.6
100 95 100 8.5
TABLE I
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